Abstract Lymph node metastases and tumor characteristics predict breast cancer prognosis but correlate imperfectly with likelihood of metastatic relapse. Discovery of genetic polymorphisms affecting metastasis may improve identification of patients requiring aggressive adjuvant therapy to prevent recurrence. We investigated associations between several variants in the BRMS1 and SIPA1 metastasis-modifying genes and lymph node metastases, tumor subtype and grade, recurrence, disease-free survival, and overall survival. This cross-sectional and prospective prognostic analysis included 859 patients who received surgery for incident breast cancer at Roswell Park Cancer Institute, participated in the DataBank and BioRepository shared resource, and had DNA, clinical, and pathology data available for analysis. Genotyping for BRMS1 (rs11537993, rs3116068, and rs1052566) and SIPA1 (rs75894763, rs746429, rs3741378, and rs2306364) polymorphisms was performed using Sequenom Ò iPLEX Gold and Taqman Ò real-time PCR assays. Logistic and Cox proportional hazards regressions were used to estimate odds ratios (OR) and hazard ratios (HR), respectively. BRMS1 rs1052566 heterozygous individuals were more likely to have node-positive tumors (OR = 1.58, 95 % CI 1.13-2.23), although there was no dose-response relationship, and those with at least one variant allele were less likely to have the luminal B subtype (AG ? AA: OR = 0.59, 95 % CI 0.36-0.98). BRMS1 rs3116068 was associated with increased likelihood of having the luminal B and the HER2-enriched tumor subtype (P trend = 0.03). Two SIPA1 SNPs, rs746429 and rs2306364, were associated with decreased risk of triple-negative tumors (P trend = 0.04 and 0.07, respectively). Presence of 8 or more risk alleles was associated with an increased likelihood of having a node-positive tumor (OR = 2.14, 95 % CI 1.18-3.36, P trend = 0.002). There were no significant associations with survival. Polymorphisms in metastasisassociated genes may be related to tumor characteristics and lymph node metastasis, but not survival. Future
Introduction
While early stage breast cancer has excellent prognosis, it is incurable once distant metastasis has occurred [1, 2] . Metastasis to regional lymph nodes is correlated with a higher risk of developing distant metastases [3, 4] , as are tumor size and grade, estrogen and progesterone receptor status (ER and PR, respectively), and HER2 amplification. In general, larger tumors are correlated with increased likelihood of lymph node metastases at diagnosis and distant metastases [5, 6] , while ER, PR, and HER2 status are markers of tumor aggressiveness and also determine suitability for targeted treatments [7] .
Even with these known prognostic factors, however, the patients who will ultimately experience a recurrence are not clearly identified. Genetic variability may explain some of this heterogeneity in metastatic ability, particularly in genes affecting the metastatic cascade. Many metastasisrelated genes have been identified, two of which are BRMS1 (breast cancer metastasis suppressor 1) and SIPA1 (signal-induced proliferation-associated 1).
BRMS1 can function as a metastasis suppressor gene [8] [9] [10] that affects apoptosis, colonization, cell adhesion, and invasive potential by mitigating the effects of antiapoptotic gene products regulated by the NF-kB pathway [11, 12] . No studies examining single nucleotide polymorphisms (SNPs) in BRMS1 have been published, although several expression studies have analyzed the relationship between BRMS1 and breast tumor characteristics and prognosis [13] [14] [15] [16] [17] . SIPA1 can affect metastatic efficiency by modifying cell adhesion [18] and expression of extracellular matrix genes [19] and has been shown to promote metastasis in vivo [20] . Several SIPA1 SNP association studies have been published, with conflicting reports with respect to prognosis [21] [22] [23] . These data indicate that BRMS1 and SIPA1 abnormalities could affect tumor aggressiveness, metastasis, and the risk of recurrence in breast cancer patients.
Based on this previously published data, we selected several SNPs in BRMS1 and SIPA1 to investigate as potential candidate markers of tumor aggressiveness and recurrence. To investigate these relationships, we analyzed three SNPs in BRMS1 [rs11537993 (Leu67Leu); rs3116068 (3 0 UTR); and rs1052566 (Ala273Val)] and four SNPs in SIPA1 [rs75894763 (Val621Val); rs746429 (Ala920Ala); rs3741378 (Ser182Phe); and rs2306364 (Ala342Ala)] with respect to lymph node metastasis, tumor grade and subtype, time to recurrence, disease-free survival, and overall survival in women diagnosed with primary, incident breast cancer.
Methods

Study population and outcomes
We identified 859 women diagnosed between October 2003 and May 2010 with stage I-III incident, primary, histologically confirmed breast cancer, who received surgery and treatment at Roswell Park Cancer Institute (RPCI), provided informed consent to RPCI's DataBank and BioRepository (DBBR), and had a DNA sample available. The DBBR, as previously described [24] , is a comprehensive data and sample bank containing highquality pre-treatment biospecimens and associated clinical and epidemiologic data. All patients diagnosed with cancer at RPCI are invited to participate. After consent and prior to treatment, including surgery, blood samples are collected, processed, and aliquoted for storage in liquid nitrogen. Epidemiologic data obtained via self-administered questionnaire were available for 688 of the participants in this analysis.
Outcomes were lymph node metastases, tumor subtype, tumor grade, time to recurrence, disease-free survival, and overall survival. Time to recurrence was defined as the time from diagnosis to date of first recurrence (local and regional recurrence and development of distant metastases) or last follow-up. Disease-free survival was defined as the time from diagnosis to the date of first recurrence, death from any cause, or last follow-up. Overall survival was defined as the time from diagnosis to the date of death from any cause or last follow-up. Clinical data were obtained from RPCI clinical databases and supplemented with data abstracted from medical records and the RPCI Tumor Registry. Vital status and recurrence data were obtained from the RPCI Tumor Registry and the National Comprehensive Cancer Network (NCCN) Breast Cancer Outcomes Database. The RPCI Tumor Registry conducts yearly follow-up on patients who were last seen at RPCI 13 months prior and known to be alive. Vital status and recurrences are ascertained via RPCI medical record abstraction, Social Security Death Index and Legacy.com searches, and/or letters sent to the patient, the patient's physician, or a family member. NCCN-coordinated linkage with the National Death Index for patients defined as ''lost to follow-up'' was completed on 8 December 2011.
Fifteen participants missing HER2 status and 1 missing ER and PR status could not be classified by subtype. Additionally, 10 participants were missing lymph node status and 15 were missing tumor grade. Vital status was available for all participants. Follow-up ended in July 2012 and follow-up time ranged from 4 to 101 months. This study was approved by the RPCI Institutional Review Board.
Genotyping
The NCBI dbSNP resource was used to identify SNPs in the BRMS1 and SIPA1 genes [25] . We initially selected 13 SNPs in BRMS1 [rs17850564 (Asp175Asp); rs11537993 (Leu67Leu); rs75053504 (A/G); rs3116068 (A/G); and rs1052566 (C/T)) and SIPA1 (rs3741378 (Ser182Phe); rs76570058 (Pro1038Thr); rs75861149 (Gly368Gly); rs2306364 (Ala342Ala); rs75894763 (Val621Val); rs746429 (Ala920Ala); rs77600626 (Gly249Glu); and rs76089059 (Ala997Ala)] for genotyping, based on presence in protein coding, 3 0 untranslated, or promoter regions, and heterozygosity of C0. 10 .
Genotyping of all 13 SNPs was conducted by the RPCI Genomics Facility using Sequenom MassARRAY Ò iPLEX Gold matrix-assisted laser desorption-ionization time-offlight mass spectrometry assays. Genotyping of several SNPs (rs1052566, rs746429, rs3471378, rs2306364, rs77600626, and rs76089059) was unsuccessful using this platform, and an additional four SNPs (rs17850564, rs75053504, rs75861149, and rs76570058) were monomorphic and not analyzed further. Probes for Taqman Ò (Applied Biosciences) real-time PCR genotyping assays were available for four of the SNPs that failed Sequenom Ò genotyping (rs1052566, rs746429, rs3471378, and rs2306364). Therefore, we were ultimately able to obtain genotyping data for analysis of seven SNPs using either the Sequenom Ò (rs11537993, rs3116068, rs75894763) or Taqman Ò (rs1052566, rs746429, rs3471378, and rs2306364) platforms. Two SNPs in SIPA1, rs746429, and rs2306364 were in strong linkage disequilibrium (r 2 = 0.809). Duplicate samples were genotyped to assess intra-and inter-plate reliability. Genotyping call rates ranged from 96.2 to 99.8 %.
Cross-sectional analysis Statistical analyses were performed using SAS version 9.3. Demographic variables and tumor characteristics were compared by lymph node status, tumor subtype, and tumor grade using Chi-squared and Fisher's exact tests as appropriate. Complete-case regression techniques were used to analyze the relationships between SNPs and lymph node metastasis, tumor grade, and tumor subtype. Potential covariates included age at diagnosis, tumor size, tumor grade, ER, PR, and HER2 status, lymph node metastasis, race, education, body mass index (BMI), age at menarche, menopausal status, age at menopause, parity, age at first birth, family history of breast cancer, history of benign breast disease, and hormone replacement therapy (HRT) use. Primary analyses incorporated data from the entire study population of 859 participants. Because we conducted complete-case analyses, participants missing epidemiologic questionnaire data dropped out of models including epidemiologic covariates. To minimize bias potentially introduced by these missing data, we initially included only tumor characteristics in adjusted models, as these data were available for the majority of our sample. Epidemiologic variables were included in separate models to assess the effect of their inclusion on odds ratio estimates. A variable was included in adjusted models if it was associated with the outcome and/or SNP(s), using Chisquared or Fisher's exact tests of significance. Participants with and without questionnaire data had similar distributions of tumor characteristics and treatment modalities. Participants missing questionnaires were slightly younger and somewhat more likely to have node-positive tumors, but differences were not significant. For all outcomes, sensitivity analyses in which we excluded participants who self-identified as non-white (5.4 %) were performed.
Unconditional logistic regression was used to estimate odds ratios (OR) and 95 % confidence intervals (CI) for the associations between each of the seven SNPs and lymph node status and tumor grade. We first constructed ageadjusted models and then subsequently added ER and PR status, tumor size, and tumor grade. A third model additionally included HER2 status, race, education, HRT, and menopausal status. Finally, we restricted our analysis to include only stage 2 and 3 participants, as these patients are For all analyses, P trend was calculated by coding genotypes as 0, 1, or 2 for homozygous wild-type, heterozygous, or homozygous variant genotypes, respectively, and treating the SNP as a continuous variable in the regression models.
Survival analysis
Cox proportional hazards regression was used to estimate hazard ratios (HR) and 95 % confidence intervals (CI) for the relationships between the SNPs and overall survival, time to recurrence, and disease-free survival. Log-rank tests were used to identify predictors for inclusion in multivariate proportional hazards regression models. Variables tested as predictors were age at diagnosis, tumor size, tumor grade, ER, PR, and HER2 status, race, education, BMI, age at menarche, menopausal status, parity, family history of breast cancer, history of benign breast disease, hormone replacement therapy use, radiation treatment, chemotherapy, hormonal treatment (tamoxifen, etc.), and Charlson Comorbidity Score.
Significant variables were age, ER and PR status, tumor grade, tumor size, comorbidity score, radiation treatment, chemotherapy, hormone treatment, education, age at menarche, and menopausal status. Between 7 and 12 events, depending on the outcome, occurred among participants missing chemotherapy, hormone treatment, or comorbidity score. Adjustment for these variables would therefore result in loss of a large number of events. Similarly, adjustment for epidemiologic variables resulted in a large proportion of participants dropping out of our analyses due to missing data. To minimize bias due to dropout and maximize power, we initially limited model covariates to age, ER, PR, tumor grade, tumor size, and radiation treatment. We then tested the addition of other covariates (comorbidity score, chemotherapy, hormone therapy, education, age at menarche, and menopausal status) to assess their impact on the SNP-survival outcome associations.
Finally, we conducted sensitivity analyses in models adjusted for age, ER, PR, radiation, tumor grade, and tumor size by testing the effect of including BMI and excluding non-white participants on hazard ratio estimates.
Risk allele score construction
We constructed a summary risk allele score using the logadditive model to estimate unadjusted per copy variant allele odds ratios and hazard ratios for lymph node status, tumor grade, time to recurrence, disease-free survival, and overall survival. We did not include tumor subtype in this analysis due to the complexity of creating a summary score for each subtype. Because the per copy variant allele effects were small in several instances, we considered odds ratios/hazard ratios that fell within the range 0.95-1.05 as being too close to null to assign a risk allele score. When this occurred, 0 risk alleles were assigned for all genotypes. If the per copy variant allele odds ratio/hazard ratio for a given SNP was greater than or equal to 1.06, genotypes for that SNP were assigned a score based on the following scheme: homozygous wild-type genotype = 0 risk alleles; heterozygous genotype = 1 risk allele; homozygous variant genotype = 2 risk alleles. If the odds ratio/hazard ratio was less than or equal to 0.94, the coding scheme was reversed: homozygous wild type = 2 risk alleles; heterozygous = 1 risk allele; homozygous variant = 0 risk alleles. The number of risk alleles for each of the seven SNPs was then added together for each participant to create the summary risk allele score. The directions of the logadditive odds and hazard ratios for each SNP were not generally similar across the lymph node status, tumor grade and survival analyses, leading to the assignment of different numbers of risk alleles for each outcome. Using the distributions of risk alleles for the lymph node status, tumor grade, and survival analyses, we categorized the number of risk alleles as 5 or less, 6, 7, and 8 or more to create a summary risk allele score. The category ''5 or less'' risk alleles served as the reference category. We then estimated the odds/hazard ratios for each level of the risk allele score, using logistic and proportional hazards regression as described above. Regression models included the same covariates as described previously for the lymph node status, tumor grade, and survival analyses.
Results
Participant characteristics are shown in Table 1 . Younger participants were more likely to have node-positive, highgrade tumors of the luminal B, HER2-enriched, and triplenegative subtypes. Higher educational attainment was associated with decreased likelihood of node-positive tumors. Ever users of HRT were more likely to have luminal B and HER2-enriched tumors. There were no other significant differences in demographic and reproductive variables with respect to tumor characteristics. Lymph node metastases were more commonly observed in conjunction with high-grade, larger size, ER-/PR-negative, and HER2-positive tumors.
SNP and lymph node status associations are presented in Table 2 . BRMS1 rs11537993 and SIPA1 rs75894763, rs746429, and rs2306364 were not significantly associated with lymph node metastases. Age-adjusted odds ratios were similar to those obtained in multivariate models (data not shown). BRMS1 rs1052566 heterozygotes were more likely to have node-positive tumors (OR = 1.58, 95 % CI 1.13-2.23), which remained significant after additional adjustment for race, HRT use, education, and menopausal status (OR = 1.70, 95 % CI 1.13-2.55) and when we limited the analysis to participants with stage 2 and 3 tumors (OR = 1.85, 95 % CI 1.08-3.18). However, this relationship was not observed among homozygous individuals. Although only marginally significant, participants with at least one copy of the variant SIPA1 rs3741378 allele were less likely to have node-positive tumors (OR = 0.70, 95 % CI 0.48-1.02). While the direction and magnitude persisted following adjustment for additional covariates and limitation to stage 2 and 3 tumors, this association became nonsignificant. Similarly, BRMS1 rs3116068 approached statistical significance only when race, HRT use, education, and menopausal status were added as covariates (OR = 0.67, 95 % CI 0.45-1.01).
SNP associations with tumor grade are presented in Table 3 . SIPA1 rs75894763 heterozygous participants were more likely to have high-grade tumors (OR = 2.62, 95 % CI 1.06-6.48), but only after further adjustment for race, HRT use, and menopausal status.
Associations between tumor subtype and genotype are shown in Table 4 . Results of age-and tumor size-adjusted analyses were similar to the findings presented in Table 4 and are not shown. The BRMS1 rs3116068 homozygous variant genotype was associated with increased likelihood of luminal B tumors (OR = 2.50, 95 % CI 1.10-5.66), although there was a nonsignificant inverse relationship among heterozygotes. Those who were heterozygous or homozygous were also more likely to have tumors of the HER2-enriched subtype (OR = 2.45, 95 % CI 1.18-5.06, P trend = 0.03). These relationships remained significant after additional adjustment for race, HRT use, and menopausal status (data not shown). Patients homozygous or heterozygous for BRMS1 rs1052566 were less likely to have luminal B tumors (OR = 0.59, 95 % CI 0.36-0.98, HRT hormone replacement therapy, ER estrogen receptor, PR progesterone receptor * Significant at a = 0.05; p values were obtained from Chi-squared and Fisher's exact tests as appropriate (missing categories are excluded from p value calculations) a Race, education, menopausal status, HRT use, and parity were available for 688 participants; age at diagnosis, ER, PR, HER2 status, tumor grade, and tumor size were available for 859 participants b Lymph node status, subtype, and grade were missing for n = 10, n = 16, and n = 15, respectively c Excludes premenopausal women P trend = 0.05). These relationships remained marginally significant after further adjustment for race, HRT use, and menopausal status (OR = 0.59, 95 % CI 0.34-1.02). A nonsignificant decrease in the likelihood of the HER2-enriched subtype was observed among patients heterozygous or homozygous for this variant, which became statistically significant when race, HRT use, and menopausal status were included in the model (OR = 0.32, 95 % CI 0.12-0.90). Participants homozygous for SIPA1 rs746429
were less likely to have triple-negative tumors (OR = 0.48, 95 % CI 0.24-0.97, P trend = 0.04). Similarly, participants either homozygous or heterozygous for SIPA1 rs2306364 were less likely to have triple-negative tumors, although this relationship was only borderline significant (OR = 0.62, 95 % CI 0.38-1.01). Associations with survival outcomes are shown in Table 5 . The median follow-up time was 45 months (range 4-101 months), during which 58 recurrences and 70 deaths from all causes occurred. When adjusted for age only, the heterozygous genotype of BRMS1 rs3116068 was associated with poorer overall survival (HR = 1.65, 95 % CI 1.02-2.68), but this association became nonsignificant when additional covariates were included. We did not observe any other significant associations. Results were unchanged when additional covariates (chemotherapy, hormone therapy, education, age at menarche, and menopausal status) were included (data not shown).
One of our hypotheses is that these SNPs would be related to lymph node status. Because nodal status is also related to survival outcomes, it can be hypothesized that this variable is part of the causal pathway, and therefore adjustment for nodal status could mask true SNP-survival associations. To test whether these SNPs could affect vital status or recurrence through a pathway independent of lymph node status, we included nodal status in a model containing age, ER, PR, radiation, tumor grade, and tumor Unconditional logistic regression was used to estimate odds ratios (OR) and 95 % confidence intervals (CI) for risk of high-grade tumors Low grade = well differentiated, Moderate grade = moderately differentiated, High grade = poorly differentiated and undifferentiated a Adjusted for age at diagnosis, tumor size, lymph node status, ER, PR, and HER2 size as covariates. There was no change in the hazard ratio estimates for any of the three outcomes (data not shown).
Results of the summary risk allele score analysis are shown in Table 6 . Having eight or more risk alleles was associated with significantly greater likelihood of having a node-positive tumor (OR = 2.14 95 % CI 1.18-3.86). There was evidence of a dose-response pattern, with increasing numbers of risk alleles associated with increased likelihood of node positivity (P trend = 0.002). There were no significant associations with tumor grade or the three survival outcomes.
In sensitivity analyses, non-white participants were excluded for all study outcomes, which did not alter our findings (data not shown). 
Discussion
Our data suggest that 2 SNPs in the BRMS1 gene, rs1052566 and rs3116068, may be associated with lymph node status and tumor subtype, and that SNPs in the SIPA1 gene may be associated with tumor grade and subtype. We also found that a summary score, composed of the number of ''at risk'' alleles for each of the seven BRMS1 and SIPA1
SNPs analyzed, was significantly associated with lymph node status. To our knowledge, associations between SNPs in BRMS1 and breast tumor characteristics and prognosis have not been previously evaluated. BRMS1 has multiple functions, including transcriptional regulation via NF-jB signaling pathways [26, 27] , chromatin modification [26] , interactions with histone deacetylase complexes [27] , and Patients whose recurrence status indicated that they were never disease free were excluded from time to recurrence and disease-free survival analyses, but were included in overall survival analyses Hazard ratios (HR) and 95 % confidence intervals (CI) were estimated using Cox proportional hazards regression TTR = Time to recurrence (time from diagnosis to date of first recurrence or date of last follow-up), DFS = disease-free survival (time from diagnosis to date of first recurrence, death, or last follow-up), OS = overall survival (time from diagnosis to date of death or date of last followup) a Adjusted for age at diagnosis, ER, PR, tumor size, tumor grade, radiation treatment, and Charlson Comorbidity Score transcriptional repression of anti-apoptotic genes [12] . Previous studies have correlated decreased BRMS1 gene expression with breast tumor aggressiveness. Reduced mRNA and protein expression in breast tumors has been associated with PR-negative, HER2-positive tumors, as well as younger age at diagnosis [13, 14] , but not with lymph node metastases [14, 15] . One study found that BRMS1 mRNA was reduced in brain metastases of breast cancer patients [16] . In survival analyses, both increased and decreased BRMS1 gene expression have been correlated with reduced survival [14, 17] , while loss of BRMS1 protein expression has been associated with reduced survival only in patients with ER-negative, HER2-positive tumors [13] . We observed several relationships between SIPA1 SNPs rs746429, rs3741378, and rs2306364 and tumor subtype, although there are too few participants with variant alleles to draw strong conclusions. SIPA1 encodes a GTPaseactivating protein and affects expression of extracellular matrix genes [19] . SIPA1 SNPs rs931127, rs3741378, and rs746429 have not been shown to be associated with overall survival [22] , similar to our findings. SIPA1 rs3741378 has been correlated with increased risk of ER/ PR-negative tumors, while rs746429 has been correlated with increased risk of node-positive breast tumors [21] . In our study, rs3741378 was associated with an increased risk of HER2-enriched tumors, which are ER/PR negative.
Our study used data and samples collected under the DBBR's standardized protocol and had relatively large sample size, but our analyses were limited by the small number of outcomes and participants with the variant genotypes. We also examined only a few SNPs in each gene. Our ability to adjust for socioeconomic and reproductive covariates was limited by missing epidemiologic questionnaire data, although these factors are unlikely to be strong confounders as SNPs are generally unlikely to be associated with them. Distributions of tumor characteristics and treatment were similar between participants with and without questionnaire data.
We compared the characteristics of participants with complete data to the characteristics of those with incomplete data to assess the possibility of bias. In general, participants with incomplete data were more likely to be postmenopausal, non-white, to have smaller tumors, and to have received hormonal treatment, but were less likely to have a family history of breast cancer and to have received radiation and chemotherapy. Age, ER, PR, HER2, tumor grade, comorbidity score, parity, age at menarche, and history of benign breast disease were generally similar. This indicates that the participants who dropped out of our analyses had less aggressive tumors than those who were included, but were similar with respect to other possible risk factors. Genotype frequencies were also not significantly different between groups, suggesting that a substantial bias is unlikely to be present.
The median follow-up time in this study was 45 months (3.8 years), which may have been too short to observe associations with recurrence and survival if there is a true effect of the SNPs on these outcomes. We did not correct for multiple comparisons and have not performed a replication study. The types of breast cancer patients treated at our institution and community-based facilities could be different with respect to tumor characteristics, possibly leading to our study population having a greater proportion of aggressive tumor characteristics than would be expected from the source population, which could affect the generalizability of our findings. It is possible, although less likely, that there could be differences with respect to genotype as well.
Conclusions
In conclusion, we showed that SNPs in BRMS1 and SIPA1 may be associated with tumor characteristics related to prognosis. Additional studies are needed to validate these findings and further investigate relationships between genetic variation in metastasis-modifying genes and the metastatic phenotype. Understanding the biology of metastasis and identifying biomarkers of recurrence are necessary to improve prediction of the subset of patients who will experience metastatic relapse, particularly since treatment for breast cancer often results in significant patient morbidity. While many women will never progress to metastatic disease, identifying factors associated with metastatic recurrence is critical to achieving effective, efficient therapy for breast cancer patients.
